A. G. Contract No.KR9Y910135TRD

ECS File: JPA-91-08

Project:  HPR-3(018)/R0018 03P

Section: Semi-Arid Precipitation
Frequency Study

INTERGOVERNMENTAL AGREEMENT
BETWEEN
THE STATE QOF ARIZONA
AND
THE FLOOD CONTROL DISTRICT OF {COPA COUNTY

THIS AGREEMENT is entered into ./ . F%%, 1991,

pursuant to Arizona Revised Statutes, Sections 11-951 through
11-954, as amended, between the STATE OF ARIZONA, acting by and
through its DEPARTMENT OF TRANSPORTATION (the "State") and the
FLOOD CONTROL DISTRICT OF MARIGOPA COUNTY, acting by and
through its Board of Directors (the "District").

I. RECITALS

1. The State is empowered by Arizona Revised Statutes
Section 28-108 (A) (13) to enter into this agreement and has by
resclution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has delegated
to the undersigned the authority to execute this agreement on
behalf of the SBtate.

2. The District is empowered by Arizona Revised Statutes
Section 48-3603 to enter idinto this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has
authorized the undersigned to execute this agreement on behalf
of the District.

3. The State and the District desire to participate in a
research study sponsored by the U.8. Department of Commerce,
National Qceanic and Atmospheric Administration (NOAA),
entitled "Semi-Arid Precipitation Frequency Study”. This study
will provide the  basic information to determine the
characteristics of the Standard Storm. The Standard Storm will
provide the District and the State basic flood design
information for bridge, highway and culvert sizing. A detailed
NOAA problem/research objective (revised 02/91) is attached.
The study, hereinafter referred to as the Project, is estimated
to cost $180,000.
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THEREFORE, in consideration of the mutual agreements expressed
herein, it is agreed as follows:

II. SCOPE OF WORK

1. The State will:

a. Be the lead agency for the Project in the state.
Participate by contract with the NOAA in the funding of the
study, and with other Arizona political subdivisions in funding
and accomplishing the Project.

b. Provide the District with copies of progress
reports and sgsuch other related documents as available and
appropriate.

¢. Invoice the District for its portion of the Project
costs in the amount of $50,000.00.

2. The District will:

a. Participate im the Project in the amount of
$50,000.00.

b. Reimburse the State within thirty (30) days after
receipt and approval of an invoice.

II1. MISCELLANEOQUS PROVISIONS

1. This agreement shall remain in force and effect until
completion of said Project; provided, however, that this
agreement may be cancelled at any time prior to the
commencement of the Project, upon thirty (30) days written
notice to the other party.

2. The County agrees to indemnify and save harmless the
State, or any of it's departments, agencies, officers, or
employees, from and against all loss, expense, damage or claim
of any nature whatsocever which is caused by any activity,
condition or event arising out of the resultg of the study.

3. This agreement shall become effective upon filing with
the Secretary of State.

b, This agreement may be cancelled in accordance with
Arizona Revised Statutes Section 3B-511.

5. The provisions of Arizona Revigsed BStatutes Section
35-214 are applicable to this contract.
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6. In the event of any controversy which may arise out of
this agreement, the parties hereto agree to abide by required
arbitration as is set forth for public works contracts in
Arizona Revised Statutes Section 12-1518(B) and (C).

7. All notices or demands upon any party to this
agreement ghall be in writing and shall be delivered in person
or sent by mail addressed as follows:

Arizona Department of Transportation
Joint Project Administration

205 South 17 Avenue, Room 118E
Phoenix, AZ 85007

Flood Control District of Maricopa County
District Administrator

3335 West Durango Street

Phoenix, AZ 85003

8. Attached hereto and incorporated herein is a copy of
the written determination of each party's legal counsel that
the parties are authorized under the laws of this state to
enter into this agreement and that the agreement is in proper
form.

IN WITNESS WHEREQOF, the parties have executed this agreement
the day and year first above written.

STATE OF ARTIZONA
Department of Transportation

. GlAp

HARRY A. REED, Director
Transportation Planning
Division
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
a Municipal Corporation

RECOMMENDED BY: APPROVED AND ACCEPTED:

o LD P

D.E. SAGRAMOSO, P.E.
Chief Engineer and
General Manager

ATTEST:
g// (}/ A apy 85 B8l
Clerk of the Boarﬂ Date

This Intergovernmental Agreement has been reviewed pursuant to

Arizona Revised Statutes 11-952, as amended, by the undersigned

General Counsel, who has determined that it is in proper form

and within the powers and authority granted to the Flood

Control District of Maricopa County under the laws of the State
. T
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18MAR



JPA 91-08

RESQLUTION

BE IT RESQLVED on this 24th day of January 1991, that I, JAMES
S. CREEDON, as Acting Director of the Arizona Department of
Transportation, have determined that it is in the best
interests of the State of Arizona that the Department of
Trangportation, acting by and through the Transportation
Planning Division, to enter dinte an agreement with the Flood
Control District of Maricopa County for the purpose of defining
responsibilities for a Semi Arid Precipitation Study to be
accomplished by the National Oceanic and Atmospheric
Administration.

Therefore, authorization is hereby granted to draft said
agreements which, upon completion, shall be submitted for
approval and execution by the Deputy State Engineer.

X S

{Zv JAMES S. ZK%EDON

Acting Ditector
Arizona Department of
Transportation

12033/2



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
AGENDA FORM

ContracyLease for [INEW [JRENEWAL [ AMENDMENT [ CANGELLATION

{lor exssting record Encumbiance MO beitw}

; i istrict FCD-124
toworg No ___ 0900 pepapryeny. Flood Control District CONTROL NUMBER: _ECD-245
-1 .
h ’ - 4
ENCUMBRANGCE NO 7//&’67(7 AGENCY:; ___Fublic Vorks CONTROL NUMBER: W~ 1245

L
1. BRIEF DESCRIPTION OF PROPOSAL AMD REQUESTED BOARD ACTION: It is regquested thdt the Beoard of
Directors approve Intergovernmental Agreement JPA 91-08 (FCD 91003) between the Flood
Control District of Maricopa County and the Arizonaz Department of Transportation to
participate in research by the National Oceznic and Atmospheric Administration (NOAZ),
called the "Semi-Arid Precipitation Fraguency Study." This study will provide basic
information to determine the characteristics of the standard storm, and pravide the
District with the basic flood design informstion for various construction projects,
including bridges, highway and culvert sizing. Th= cost to the District is $50,000,
which is 50% of the project cost.

The Flood Control Advisory Board rescommended aporoval of this agreement at their
September 26, 1990 meeting.

2. COMPLIANCE WITH MARICOPA . / / 7
COUNTY PROCUREMENT CODE N/A N/2 Kz /3_6 »L-é//

BrUCIE paragrazn Procu:umeL}r“ L\“—V

SOLE SOURCE JUSTIFICATION

3. CONTINUED FROM MEETING CF 4, 7 TH!S DESARTMENT WILL CAUS = PUSLICATION
DISCUSSED IN MEZTING OF {1 CLERK OF THE SOARD 7O CAUSE PUBLICATION

B. HMOTION: It is movad that the Fleod Control District ¢f HMarlccrz © Counly Scarc of Directors approve Intergovarnmenzzal

Agrzement JPA 91-08 between the Flood Contrsl Disirict of Maricopa County and ths

Ar izona Department of Transportation for parzi icipation in the Semi-Arid Precipitation

Frzguency Study with the Naticnal Oceanic and Atmospheric Administration. The cost 2o

the Distriet is $30,000.

o
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Attorney General

1275 WEST WASHINGTON

Phoenix, Arizona 85007
Rt B larbin

Grant Woods

INTERGOVERNMENTAL AGREEMENT

DETERMINATION

A, G. Contract No. KRrR9I1QLISTRD r &n agreement

between public agencies, has been resviewed pursuant to
A.R.S. § 11-952, as amended, by the undersigned Assistant
Attorney General who has determined that it is in the proper
form and i1s within the powers and authority granted to the
State of Arigzona.

No opinion is expressed as to the authority of the
remaining parties, other than the State or its agencies, to

enter into said agraement

DATED this . ;5 day of iQLLa¢b®J' , 1991.

GRANT WOODS
Attorney General

Sl L.

JAMES R. REDPATH ‘
Assistant Attorney eneral

Transportation Section




SEMI-ARID PRECIPITATION FREQUENCY STUDY

Unsolicited Proposal
for the States of
Arizona, Utah, Nevada and New Mexico

July 1950
. {Revised February 1981}

WATER MANAGEMENT INFORMATION DIVISION
OFFICE OF HYDROLOGY
NATIONAL WEATHER SERVICE
SILVER SPRING, MARYLAND



SEMI-ARID PRECIPITATION FREQUENCY STUDY

I PROBLEM STATEMENT

Current precipitation frequency data as represented in NOAA Atlas 2 (1973) for the 11
western states has been questioned in a number of areas. The National Weather
Service (NWS) intends to review available data from all sources (Federal, State, local,
and private), consider current statistical practice and techniques, and provide an
updated repart covering the semi-arid states of Arizona, Nevada, New Mexico, Utah,
southeastern California, and western Texas. The product would be available as an atlas
and in digitized format for ease in hydrologic applications.

NOAA Atlas 2 was based on available data through the mid- to late 1960’s. The
period of record for hourly data was relatively short. Only 73 recording raingages for
all 11 western states had records of more than 30 years. Regression techniques
developed for these studies required extensive manual calculation of data. Relations for
durations Jess than 6 hours were not well founded and durations longer than 24 hours
are not available. Depth-area and depth-duration relations were based on studies for
other parts of the country. A lack of data did not allow for extensive studies of the
relation bernween terrain and precipitation. These are all iopics that will be addressed
in the proposed N'WS study.

The NWS has a long history of experience and experuse in pracivitation-frequency
analyses and in this study intends 10 add 1o this backzround by including swdies of the
fundamenial distributions and fiing procedures used in the cast as well as thosz
currently avaiiable. It is imporiant 10 consider swate of the an techniguas in a siudy
that will receive natonwide atention and application. An adjunct 10 the studv wili be
e invoivement of an Independan: Advisory Groug 1o review all asp ]
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The purpose of this study is 1o d2termine onnual 2nd seasonal precipitaton frequancics
from 3 minutes 10 10 cavs for 2 10 100 vears. The study resulis will be published as a
. .

1
NWS rzport and madz available also

The research will review and orocess 2ll available rainfall data for the nomogenaous
region of Arizona, Nevada, New Mexico, Utahn, southeastern California, and wesiern
Texas and utilize accepled siatistical methods. It is recognized that the rainfail data as

archived by the Natonal Climatic Data Canter (NCDC) may not be adequate 1o



accomplish the objectives of this research. Therefore, local, State, and Federal
networks that are not compiled by the NCDC, will be added to the NCDC data to
define frequency relations, local variations, as well as to provide details with regard to
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the development of frequency distributions and objective
spatial analysis developed over the past 30 vears will be evaluated and used for the new
frequency relations. The extensive adoption of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therefore, an additicnal effort will be directed at
producing a digital file that is adaptable to most users.

III. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contiguous United States was prepared by Yarnell in 1935. Subsequently, this work was
updated by the National Weather Service beginning in the 1950's. Currently, the NWS
has ten reports which provide the standards for precipitation- frequency relations for the
50 states, Puerto Rico, and the Virgin Islands for durations from 5 minutes to 10 days.
For some of these reporis additional data has been collected for another 30 vears.

The NWS recognized the need to review these publications. About rwo vears ago the
NWS begen a pilot study of the precipitation- zrcqwncy relations in Pennsvhama and
West Virginia with funding from the Soil Conservation Service. Some preliminary
results are now available. The best available extreme-value disiribution for precipiation
up 10 the 1970°s was the Gumbel extreme-value distribution using a Weibull firting
formuia. Recent swatisiical advances have brou aht new technigues 10 t2st data and
frequency distributions. as well as providad beuer fining recanicugs.  1h2 preiiminens
results {Tom Pennsvivania end West Virginia usine these technigusas indicore that the

_ _ ; .. o
Generalized =xqreme Vaine (GEV) dismribution berer descrinss <he Sraguency

[ A

distribuicn for precicitetion than dess the Gumbsl The Gumbel is a special cese of
the GEV dismribution. riing rechniguas have improved over ihe vaars with the
Method of Moments being used in the 1870°s 2nd the Probabiiin Weilghted Moments
(PWN) and L-Momen: :f;::ngala:krzi:;'_as DZINg mOre roemt o“m'c::-::erts Thess now
Nuing techniques are bewsr abie o uiiize the shorer perods of record which ors omes
a major prodbiem in meiecrology and hycdreicey In addition. the t2 chniguas are 2iso
useful in the quality-conirol of data. Objective analysis schemes are also peing explored

to apalyze isolines and 1o develop relations berween the topography and precipitation
frequency.

[



IV, WORK PLAN:

The review and revision of precipitation frequency information in the semj-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, southeastern California,
and western Texas involves the following specific tasks. Some of the tasks need 1o be
worked in sequence because of dependence on results from earlier tasks, some can be
considered concurrently. The time table included at the end of the task descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIII, followed by a breakdown of costs according
to the various tasks and other charges.

TASK 1
a) Data Collection b)Y Qualitv Control

A. Background

Some 20 years or more of data have accumulated since the completion of
NOAA Atlas 2. In addition many siations that were not considered in that
publication because of short records, now have as much as 30-40 vears of useful
records available. Furthermore, unknown quantities of supplemental data exist
as a result of nerworks and stations maintained by Federal, State, counrty and
private agencies, and not archived in NCDC. The attempt will be made o
obtain the precipitation dara from the northern portions of Sonora, Mexica.

B. Analyses

Both daily and hourly data will be used, and where available 15-minute data
will be colizcied for use in shori-duration rejations, as well as other dar

1 hour or less collected by the NWS ¢r within special nerworks. Becouse of
interest in timss of spacial ficoding as well as 2 need for madmuT vaiuss, the

daia will be soriad by monih.
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informaion exisis and pow and rom whom it may de obtzined.
Database will be organized into three groups:

1) NWS precipitation gages {recording and non recording} vsed in NOAA
Atlas 2 and those that could be emploved in this analysis,
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2) non-N'WS precipitation gages and records not used in NOAA Atlas 2 thar
have data of sufficient length to test the old maps and to use in a new analysis,
and

3) precipitation gages (both NWS and non-NWS) with records too short (less
than 15 years aftrer 1970} to evaluate return periods, but which could be
employed in the analysis of events of interest, and eventually will have archived
data for furure analyses.

Seasonal distribution of precipitation for all durations will be examined, This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons {sumrmer,
winter, fall, spring) may not be applicable. In the Southwest it may be more
appropriate to define a monsoonal season, rather than a summer or warm
season. The seasonal definition may also be different for various sections
within the region.

The seasonal definition probably varies as a function of the duration of the
events being investigated. For example short-duration convective storms of

6 hours or less most likely occur most frequently from May through Ociober.
However, storms with a duration of 10 days or more most likely occur from
October through April. Thus, there may be some overlap of months depending
upon the duration of the storms being investigated. Delineation of $2ason must
be accomplished garly during the daa processing period 10 ensure thai the dara
to be vsed in the frequency analvsis is properiv archived in the beginning
These decisions will be made in concert with the NWS, Siare Climatologiss,
state parucipants, and the Independan: Advisory Group.
Of considerabis imporiance |
Procsdures will be coplied 1o the auiomared routlne usad «
daia that wil] search for unusuds extremes and nots boih TISSInG and
accumuiated creciniation oericds. T o

these Cama is uninown and quisg fikah variss oo

SOUTCES. =ver ins darm archived &y tne NCDC nesd o oz searchas cr
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C. Product

A data base of all-available precipitation data for stations in the semi-arid
southwestern s:ates and the immediate surroundings will be created by this task.

TASK 2
Frequency Distribution/Fittine Studies

A. Background

The NWS has provided many studies of precipitation frequency over a period
of some 35 years, and almost all these studies have been based on the Gumbe]
distribution (Fisher-Tippett Type I) fitted by the Gumbe] fitting procedure
(Weibull Plotting posiiions). Through the last 20-30 years, much research has
described other statistical distributions and fiuing techniques, each with an
application 1o a particular type of data or location.

B. Analysis

It is important that in a major review, such as proposed herein, consideration
be given 10 these recent developments, and an attempt made to incorporate
any improvements that are real and can be supported. This task will select
rom the exiensive literature those distributions and fitting procedures that
appear most applicable. Some of these are the Generalized Exirems Value
(GEV), the Pearson [, Generaiized Log-Normal, the Gamma. the Generalized
Pareto, Generalizag Logistic distributions, and the L-moment, method of
morments. and other fiting procedures. as examples. Tests and COMmDarisens
will be mace to eveluate the zpolication of each 10 :he dam from the region cf
study.

Resujis om a pilot study 10 update the precipiiation-ireguency daia in ihe
Pennsyvivania-West Virginia arsa have Drovidad much insight into recen:
statistcal technigues and manv of the problems inail can b2 expectad in o ostud
of the precipitation-iraguarncy raintions for a reoion of a siziz. Some of s
conciusions are: 1) problems in the reduction of daia have b2an recocnized
and mmproved software will be developed for fuwre work: and -} ihe new
statistical rechniques provide improved wavs of handling outliers in the daia:

5) procedures for the quality conirol of precipitation data have been identifiec:
4) L-moment statistics, which is an evolution of probability-weignted moments.
will e used for future frequency studies; 3) tecnniques for selecting the
frequency distributicn which bzst fits the data for an area have been developead
and tested using L-moment satistics and othar techniques.

Lrs



This task will draw on the expertise of the Independent Advisory Group, State
Climatologist, and state participants to guide the NWS toward the best solution
in this area. Thought needs to be given to the benefits/drawbacks involved in
solutions that result in regional variations between selected distributions and
fitting procedures. This consideration may require sample tests be made in
other regions outside the southwest. In the event different distributions are
accepted, a discussion of boundary differences will be needed. Inter-regicnal
consistency is important, but sometimes this can be mitigated by judicious
choice of regional boundaries (e.g., consistent with major drainage limnits).

C. Product

The outcome of this task will be the selection of a frequency distribution and
fitting technique best suited 10 the precipitation data to be used in this study
region,

TASK 3
Short-Duration Relations

A. Background

Short-duration information (durations of Jess than 1 hour) is valuable in the
design for small-area structures, such as, drains, culverts, cellections, and other
similar hydraulic struciures, Presenty, NOAA Atlas 2 provides ratios adapted
irom a national average for durations of less than 1 hour. Other preliminary
work by Frederick and Miller (1979) and Arkell and Richards (1986) shows thor

the rauo of rainfall less than 1 hour is differen: in the West from that in the
cast (Frederick er al. 1977). and that these rarios lizely vanv taroughour the
Was:,

B. Anaivsis

1115 necessorv o develop reiations between | hour znd snerier curations
Univ himied Ciciiized da: jabi

¢ ore available {or this analvsis. Thess cata scurces
2nd shorier periods availabie from Fischer-Porier capa
2uonal nerwork mainained by the NWS; ~) special shor:-
duration catwa from NWS first-ordar weather siations for iniense storms:

5) break-point daw from special dense raingage nerworks maintained by the
Agriculiural Research Service: and 4) shori-duration data caprured and archived
by a variety of other Federa) agencies, and local and state SOVEINMEDNIS.

When analvzing these daia we must be careful 10 maintain the spaial contnuity

of the metzorology of the data seis. For example, data from east of the
Rockies will be useful for those regions east of the Rockies, bur would crobabiy

6



not be applicable 1o areas west of the Rockies. The major reasons for this are
the difference in the moisture sources and the types of weather associated with
the event. These homogeneous regions must be defined in the early part of the
analysis. Special attention will also be paid to urban areas, if sufficient data
exists, to determine if there are any differences in the intensity of rainfall in the
downstorm direction.

Many of the storms will be due to convective activity. Another natural
stratification of the data will be to determine if there are any differences in the
temporal disiribution of precipitation with height,

C. Product

The final products of these studies will be ratios or maps of ratios that can be
applied to the 1-hour duration data 1o determine the frequency distribution of
durations of less than 1 hour.

TASK 4
a) Algorithm/Data Plot (Alsorithm Development/Annlication)

A. Background

For frequency calculations, not all portions of the semi-arid southwest are
adequartely represenied by daia. Therefore, it is important to develap
algorithms or relations that are based on data-rich areas 10 be used in data-
poor areas.

B. Analysis

Previous smudie

> SOOW That ine geographical disiribution of eagine S1aliCns tariss
SIZTECANtY nroughout the region. An gbiessive lBranique s nasged snar wil
1

allow the anaivst or the COLIDUIZIL 10 provids o consisient roje imroughout
Investigation of orec
cevelop aigerithms 0
A series of lonocraghic andrer merzorological variables ara often seiecteg oo
apply in such studies Thsse could inciude distance from moisture sources.
casonality, siope, zlevation, heich: above an arbitrary level, disiance from a
barrier. etc. as examples Orther dara that will be investigated are saizlijre
climarologies providing added definitions abour the distribution of pracipiiaiicn
and thundersiorms in data-poor regions.
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3]
]
nl
-
{0
3
o
i

1
Ui
}

1
[&]
{2
L

I USE L Lh0SsE recions WREre inere are pule or o gore
.



This task will be coordinated with both the State Climatologists for their
knowledge of local vanations and anomalies, and the Independent Advisory
Group for their experience and recommendations.

C. Product

The most important product in this task is the set of precipitation-terrain
relations that apply in data-sparse regiocns.

b} Erequencv Calculations and ¢) Aleorithm Calculations

A. Background

Once the data base has been established in task number 1, and the various
relations determined as in tasks number 2 t0 4, the daia will be processed to
obtain various outputs.

B. Analysis

Precipitation frequency values for durations berween 5 minutes and 10 days at
return periods between 2 and 100 years will be calculated for all stations within
and surrounding the semi-arid region. Resuits will be obrained both monthly
and on 2 maxmum annual basis. Consideration will be aiven in the digital
process to esiablish routines that will allow bi-monthly or weeldy products, if
needed, o be computed. However these decisions must be made in the
beginning, so daia-processing costs do not become 100 expensive.

The results will be examined for inconsistenciss. 2rrors. ar meizorological

vnreasonableness. An imporiant parnt of the sTudy IS 10 provide informetion

02t maKes sense and can ve supporied OV meai2craolegical e2xmerience and
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C. Produc:

The product from thus task will e 2 comsisiant ser of grecipitation frzgusney

values and reiations.



d) Final Adiustments (Freguency Relation)

A. Background

After all the frequency values are calculated, the spatial analysis of these values
will begin. Algorithms will be used to develop relations berween the
precipiiation frequency data and the underlying terrain. Further smoothing will
be provided by regionalization of the frequency relations. This ensures that the
frequency relations within a region are nomogeneous and account for any
unusual singular points in the data set and the underiving terrain.

B. Analysis

For selected durations and return periods (e.g., 2-yr 1-hr, 2-yr 24-hr, 2-vr 10-day
and comparable 100-yr values), the calculatad frequency values will be plotted
and an objective spatial analysis program will be used to analyze the results.
These analyses will be reviewed for internal consistency, known local effecrs,
meteorological reasonableness, and to develop any supplemental hard copy
analyses. The objective spatial analysis program will regionalize the data,
providing a smoother final analysis that will account for the underlving 1errain.

Seasonal relations can be developed for selecied frequency/return periods either
by month or by mid-season month, cr seasonal average. Tests will be made 10

provide comparative information that will allow the best reiation w0 be chesen.

Comparisons will also be made 10 other indices, such as runoff,
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TASK 5
Spaval/Temporal Relations (Depth-Duration and Depth-Area Studies)

A. Background

These studies will be divided into two parts. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles? or less. Such relations provide information for use
over small areas and for short durations, and concenirate on local
thunderstorms. The focus of the second part of the study will be on depth-
duration curves from 1 hour through 10 days, and the depth-area results will
explore areas of 500 miiles? or greater. These results will give details about the
longer duration and more generalized storms. This data base will develap

information from convective storms, tropical storms and general storms.
B. Analysis

The depth-duration studies for small-arez storms will concentrate on convective
storms to identify the maximum intensity of rainfall in periods of 1 hour or less.
A family of meteorologically consistent mass curves will be prepared. The data
base will contain rainfall for periods of less than 1 hour. Arkell and Richards
(1986) and Frederick and Miller (1979) have shown that there are different
subregions within the area. As a result, special artention must be paid 1o
efine the homogenous subregions. If sufficient data exisis. urban areas will
exzmined 10 detarmine if there are any differences in the intensity of rainfall
downstorm of the city.  Another natural swratfication of the dawa will be ©
dszc"m.ine if there are any differences in the temporal disiribution of
prec on with elevation.
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The depth-duration or temporal analysis of the data will follow the scheme
developed by Huff (1967) and Huff and Vogel (1976) which identifies families
of mass curves. These families of curves provides a range of metecrologically
possible non-dimensional mass curves, showing the median and the extreme
possible mass curves that can occur. Durations for this analysis will range from
1 hour up to 10 days. Consequently, a series of non-dimensional mass curves
will be assembled that will encompass this wide variation of duratons. The
analysis will provide extreme point estimates and consider areal-averaged mass
curves. For this semi-arid area of the United States there will be differences
berween convective storms and general storms, the data will be stratified 1o
identify these differences. It will also be necessary to identify any regional
variations and differences with elevation.

C. Products

The final products of these small-area, short-duration studies will be relations
that can be plorted and smoothed for use in smali-area design problems.

Area-depth curves will also be derived for areas greater than 500 miles®. If
possible, a family of curves will be developed to show the extreme area-depths
that are possible. These curves will be stratified by duration and area size to
maxirnize the utility for design purposes. A smoothed set of curves will also be
generated for generalized resulis. Regional and elevation variations will be
identified, and curves will be generated to distinguish between general siorms.
tropical storms and convective storms where such siratifications are possitle and
metzgrologically reascnabie.

FCIMINES Of miss curves and arza-d2pin curves will be generatad and dispiaved
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will be provided along with graphical relations needed to obtain intermediate
values. Seasonal variation, depth-area distribution, and the temporal
distribution of rainfall in extreme storms will be discussed, and graphs and
figures appropriate to defining these results for the region will be given.

In addition, and unique to this study, a digital file will be created so that the
results at any location in the region and the data bases can be obtained. It is
intended that the digital file will be a practical solution to most field users
needs, particularly those who make continual reference to these data, or wish to
incorporate these results into some larger computational routine.

Note: The digital file will be in the GIS form.
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V. REPORTS AND MEETINGS

A, Reports

During the course of this study, progress reports will be provided by the
contractor on & quarterly basis. These reports will inciude brief
summaries of studies under development, comments on conclusions
reached, problems encountered and changes that may be necessitated in
the initial schedule of work. The progress reports {working summaries of
the tasks) will be prepared and submitted 1o all participants and advisors
prior to each meeting,

A draft document of the entire study will be prepared by the contractor
for review by the various identified parties, as well as selected outside
interests. Comments from this review will be acied upon o form the final
report.

B. Meetings

A schedule of meetings has been proposed that calls for general meetings
to include all participants and for progress meeungs that apply 1o more
limited interests. It is proposed that general meetings be held in the
study region, 1) at the onset of the project, 2) after the first vear, and

3) during the writing of the draft report. The progress mestines will be
held at approximately six-month intervals. These meeungs will be haid at
either a fived sitz or on a rowating site basis within the TECION. AL (h=se
Mesungs the contracior will meeat with the suate represeniatives and
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7 ngs called by the coniracicer
(NWS) It is recommendad that 2ach such office aopoint a technical
repressmiative who will hiave the following responsiniites:



o Attend all meetings called 10 discuss or review the precipitation
frequency study.

o Provide their individual state DOT officials with updated status reports
on progress of study.

o Bring to various meetings comments, questions, or information from
their individual state DOT offices regarding this study.

0 Be able to technically understand the procedures and processes being
applied in the study, as well as the methods used to evaluate different
results,

o Assist in the review of the various products and add local knowledge 10
these products.

B. State Climatologists

Official NWS-type data will be obtained through informaticn available at
the NCDC in Asheville, North Carolina. Since data collection and quality
control of the data is an important part of this study; it is anticipated that
it will be necessary 10 include siate ciimatologists from the major states
being studies in our meetings. It may also be useful 1o include
representauve(s) from the Western Region Chimaiz Cenier 10 these
meetings as well. The role of thess individuals will b2 0 aid in collecting
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0 Atend meeungs callad o discuss this siudy.

0 Provide informaticn and guidance 10 coniracior regarding known local
cpographical anomalies affecting precipiiation.



o Review draft products and input knowledge of local features in their
area.

C. Independent Advisory Group

In order to assure that the study is using the most up-to-date technologies,
It is recommended that an independent advisory group be appointed to
review all aspects of the technical approach proposed for this studv. The
independent advisory group should be composed of individuals
representng the various major concerns used in the study, e.g., hydrology,
statistics, and meteorology/climatology. Three to four experts in these
fields will be selected by the contractor to comprise the group with the
following respansibitities:

0 Attend all meetings called to discuss the precipitation frequency study.
Contractor will interact with advisory group throughout the course of
study to determine strategies, preferred approaches, and confirm
resulis.

o Provide their individual techpical expertise with regard to aspects of the
study 10 assure a proper course of action.

O Participate as a reviewer of draft Tepori at complenon of this stage of
study.

VIL PROGRAM MANAGEMENT

Mr. John Vogel Chjef of +

iniormeaton Division (WD) Office of CYGrology. Naucnal Weziher Ssrvize. wil] be
e Drogram manager 10T 1his sy Mro Vogel and Mr Marszall Sanser. Division
Chiel of WMID. will o= responsiore for guiding ell tachnical eFoms of the NWS rea—
This t=am is responsidie for tCmplenen of the prelimmery and Soal reperis and for
calling ali mestings. Mr Voge! is furiner rasponsidie for sniisting the mEmbers of g

Incependent Advisorv Grous

VIIL BUDGET STATEMENT

The total cost of this 3-vear project is 5338.830. Commitments have already bean
obizined from ihe Corps of Engineers. US. Deparimant of Agrculure (Soil
Conservation Service), FZMA, and the National Weather Semvice 1o fnance the Faderal
portion of this work. Adcitional monsian COMMIiments ara being sought and are
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expected to be forthcoming. In all, it is anticipated that the costs will be shared almost
equally between Federal and state funds,

Tasks 1 through 6 have been divided to show the personnel and computer-related
charges. These total $376,900. Miscellaneous charges include a special allocation to
the Laboratory of Climatology at Arizona State University to develop data bases for
many of the special networks of precipitation data in Arizona and in Sonara, Mexico;
charges by state climatologists to develop other precipitation data bases within their
states; and the consulting fees and travel for the Independent Advisory Group. Other
charges include the supplies, data acquisition charges, publication charges, and travel.
The travel charges are further divided to show the anticipated travel costs and the total
number of trips for the state representatives, state climatologists, and the National
Weather Service. Most of the travel will be for attendances at the semi-annual
progress meetings. At these meetings the various groups will be providing advice and
input to the National Weather Service for the semi-arid region frequency study. It is
anticipated that these meetings will last 1 to 2 days. Some of the meetings may be
longer; especially at the beginning of the project, when many decisions need to be
made, and at the end of the project, when final products and the final report are being
prepared and discussed.

This proposal applies primarily to the states of Arizona, Nevada, New Mexico, and
Utah. Although Arzona appearls prepared to initiate the funding for this study, it is
expected the remaining states will provide funds in subsequent vears.
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NATIONAL WEATHER SERVICE
SEMI-ARID PRECIPITATION FREQUENCY STUDY

DETAILED BUDGET

Computer Personnel

Tasks Personnel Charges  Total Months
1 a) Data Reduction $53,100 31,500 554,600 10.97
b} Quality Control 340,085 $2,250 342,335 8.21
2 Frequency Test 325,600 5500 $26,100 4.40
3 Short-Duration Relations $20,125 3500 320,625 4.03
4 a) Algorithm/Data Plot $33,100 $2,000 $35,100 5.50
b) Frequency Calculations 335,750 $1,000 £36,750 6.33
¢) Algorithm Calculation §25,440 $2,000 $27,440 4.57
d) Final Adjustments 524,435 £500 524,935 4.14
5 -Spatial/Temp. Relations - $13,700 3500 514,200 3.92
6 a) Atlas  $31,855 $31,855 5.74
b) PC Package 338,250 $5,500 $43,750 6.67
¢} Final Report 335,460 §500 §35,960 6.59

376,900 393,650

Laboratory of Climatology,

ASU (12 months) $36.000
State Climaroiogist £30.000
Incependent Advisory Group

(comsuitng & travel) 12 TiDs 527.906
Travel (NWS) 21 oips 318.800
1ravel-State Reps. & Siare

Clmatiogiss 23 trips ’ 24,500
Suppiles (NWS) £2.000
Data (NWS Obraining Cost; 55.000
Publication (Report & Adtles) $20,000

$165,200
TOTAL $376,900 516,750 $342,100 6010
PROJECT TOTAL COST 55538,850
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